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Dr. Aksel A. Bothner-By,
Mellon Institute,

440 Fifth Avenue,
Pittsburgh 13, Penna.

Dear Aksel:

Enciosed please find the spectra of cis and trans
butene oxide and propylene oxide. It is interesting to com-
pare the CH,-H spin coupling across the oxide ring and across
the double gond Mellonmr #L). In each case there seems to be
a significant reduction in spin coupling when an oxygen is
attached to the two carbon atoms. It can also be seen that the
spin coupling for the trans isomer is less than for the cis
isomer of the oxides but the reverse is probably true for the
olefins. Unfortunately the resolution is not too good for the
60 Mc. spectra but following are the approximate results:
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(a) m™High Resolution Nuclear Magnetic Resonance®, J. A. Pople,
W. G. Schneider, H. J. Bernstein, pg. 242.

{b) Mellonmr #8, pg. 4.

Following are a few comments on your monthly letters.
I greatly appreciate the inclusicn of the bibliography. Its
thorough coverage of the foreign Journals is especially com-
mendable. The only question that arises is the suitability of
including articles where a slight mention of proton resonance
spectra is made in an article primarily devoted to synthesis or
structure proof. This 1s really not a complaint but just a
point for discussion.

.1 am very pleased to see that a compound symbol is
being suggested for describing chemical shifts., I think it
advisable that the reference compound be specifically stated
in the symbol so that it will be applicable to other isotopes
as well as protons. The suggestion to describe f{requencies of
individual lines ought to be useful in those cases where there
is a complex spectrum, however, in most cases it is unnecessary
to have the dual notation. This is a peint in favor of the two
methods of describing data since the more complex notation in-
eluding v's will only be nesded in the more complex cases., My
vote 1s for

s v

E; standard compound k

int, or ext, i(j), only in those casea

where calculations of chemical shift are not immediately obvious.

Yours truly,

/4

S. Brownstein.
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SOHIO MAGNET COOLING SYSTEM
W. R, Ritchey May 13, 1959

In order to obtain high resolution NMR spectra, the cooling water to
the magnet must be controlled. This applies not only to the temperature, but
also to the flow rate, The sensitivity of the magnet to fluctuations in the water
supply can be minimized by insulating the water pipes from the magnet yoke and
ad justing the magnet coils so that they are not in contact with the pole pieces,
The degree of control described below is more than adequate if the above two
precautions are followed, This system (which can be built for less than $2,000)
has been very satisfactory for the past several months, and thus far its short
comings have not been realized,

Water is supplled to the magnet at the rate of 2.0 *+ 1% gallons/minute,
controlled to + 0.1°F. The discharge from the magnet passes through a Ross heat
exchanger during which its temperature is adjusted to be near final contrel tem—
perature and is controlled to t 10F, The exchanger discharge then msses to the
constant temperature bath in which the final regulation is performed,

The constant temperatyre bath is an Aminco type 4-8600, having a 16~
gallon capacity and equipped with a 1000 watt heater apd a refrigeration unit,
It was modified in several respects: The 1/3 H.P, refrigeration unit was
replaced with a 1/2 H.P. unit (1/3 H,P. would probably do the job, but ours was
defective so we replaced it with a larger one), The bimetallic thermoregulator
was replaced with a "M1cro Set Thermoregulator (Bmil Griener #G~24653), having a
sensitivity of z 0,029 F,, adjustable over the range of 50-220°F, The ccntroller
was redesigned in order to eliminate the 30 sec, time delay on both cycles so
that we now have zero time delay om heating and 10 secs, on refrigerating (for
protection of the refrigeration unit).

The water circulating pump is an Aurora DV-31, all bronze, turbine-
type, puwp-close coupled to 1/2 H.P, single-phase, 115-220 open type motor, The
pump is very quiet, A series 30, Watts diaphragm pressure relief valve (model
#SP-30) is adjusted to provide a constant flow of 2 gpm, utilizing a Brooks
#FV-1110 Rotometer size #8, rauge 0.4 - 3.5 gpu, 'The flowmeter §s equipped with
a type AE alarm which is set so that any flow rate outside the 1,4 to 2,7 gpm
range will shut off the power to the magnet, A pressure gage downstream from
the flowmeter is also useful as an indicatlon of the condition of the water
filter on the magnet,

The heat exchanger 1s a 4-pass Ross type BCF Part #7M502A13, aand the
flow rate of city water is controlled with a Fulton Sylphon "Fultro Matric valve
#L110C, range 55-1050F,

Thermometers are positioned on city water inlet and outlet, and magnet
water outlet on the heat exchapnger, Ancther is in the water bath and, finally,
one downstream from the flowmeter,

If you desire more detail on the system, please contact thie Research
Department, The Standard 0il Company (Ohio), 4440 Warrensville Center Road,
Cleveland 28, Ohio
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RESIARCH DEPARTMENT
The Standard Qil Company (Ohio)

SOHIO TURBINE-PROBE INSERT ALIGNMENT TOQL

W. M, Ritchey July 31, 1959

Erratic sample spinning has plagued us considerably in our hi-resolution
studies, We found that correct turbine-probe insert eligmment is as critical
as constant sir supply to the turbine, In order to accomplish correct align-
ment we constructed the alignment tool shown below,

|<-—4-1/lﬂ#'
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3/32"

3/t b'f_L-

% __threaded to fit turbine
mounting ring on prabe

ad ﬂ"/_. slip fit in insert

- 1" —

The alignment is accomplished by repositioning the turbine mount-
ing ring until this device can screw-in and out freely, We found it necessary
to enlarge the holes in the turbine mounting ring, Of course, any time the
insert is removed from the probe, re-alignment is necessary. 1Ihis has resulted
in not only more consistent sweeps on the scope, but also in some resolution
improvement in recorded spectra--all other factors being equal,
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Spectra of the i1someric methyl asf-dimethylcinnamates (40 Me/sBec;
10% CClse with T,M.S. as internal reference). . Ll

The observed line positions indicate that the aromatic nucleus is
roupghly perpendicular to the plane of the carbon-carbon double bond.
Thus the methoxyl resonance in the cis ester is diamagnetically
shifted by some 0.5 p.p.m indiceting Thet this group lics over the
top of the aromstic ring. In the trons ester the a-Me resonance
sufrers a similar diamepgnetic shift ™ TGr the same reason and at the
Bame time the p-Me exhibite a pursmugneticshift which arises from
the long range shielding sssociasted with the anisotropy of the
carboxyl carbonyl double bond.

The frans-~isomer also provides a clear cut example of coupling
(4=0.96 cpa.i across four carbon atoma.

L. M Tackman,
J. W. Lowa.



Low Temperature Probe Modjficetion.
The wsystem described is used for examining very unstable compounds
wheia fhe prime conelderation is the rapid transfer of the sample into
the pre-cocled apparatns.khe sample 1orbes are apun uging the standard
Varian turbine and the resoluti-m achieved {see enclosed spectrum of
<Ulfe- in dlethylamine]is adequate for most purposes.The losa in sensit
ivity,resulting from uning thelSmm insert,is nnt too acrious as can he
seen from the spectrum [Attenuation X2 IeakageAOQMA].Temperaturea of the
arder of -150”C have been achieved and kept constant to 1°¢ for periods
of 20 nimites.No modifisation to the Varisn insert }s required.
The unusilvered dewar is placed inside e standard Varian 15mm insert and
held by a simple support attached to the prohbe body.The dewar head was
made of nylon {low heat capecity] mnd it wna found necesmary to have an
‘O'ring as ahown to prevent its sinking into the B.29 socket on contract
ing and subsequentl]y cousing damsge on werming up.The temperature wae
mepsured with a thermocouple which passed throuph the dewar head and wa:
taken ae olose to the sample se desired for any particolsr puronse,
Y0 prevent condenaatinn within fhe insert a nofton wool sleeve was fitted
around the dewar above the insert entrance.lhe low temperature: arw

veached end maintained by & stream of nold Na €88 supplied by a llquid Ne
boilera
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THE_SEPARATION OF CLOSELY-SPACED_BANDS RY THE_!WIGGLE_BEAT' METHOD

- J. lee =~
Department of Chemistry, The Manchester College of Sclence and
Technology, Manchester, 1,

When, becauss of reasclution limitetions, the separation of twe
absorption bands in a spin-spin multiplet is too small to permit
direct measurement, it may be possible to apply the 'wiggle beat!
method of ¢. A. Reilly'. Instead of the mimple exponentlal decay
(with characteristic time Tp) for the wiggles following a single
band - assuming e sufficiently rapid field or r.f. sweep and a
linear audio responae in the receiver - a more complex pattarn
ariges in which the envelope equation takes the form

Vi(t) = 2V°e't/T2cosrxt P (1)
where Vo is the maximum emplitude of the absorption band, t is the
time effectively measured from this maximum end x is the band sep=-
aration (in units of time-'). The time interval between adjacent
extrema of V,(t) is then simply the inverse of x. Reilly atates
that 1t 1s also possible to derive the band separation from the
time interval between the baund maximum and first V,(t) extremum
but that here a knowledge of the tranaverse relaxetion time is
required; the relationship is not presented.

We have examined several spectra? in which the close-band mep-
aration and transverse relaxation time are such that only the firast
beat envelope extremum appears in the recording and in such casea
we have had to resort to calculating the eplitting from the
To~dependent interval (designated tm). Fortunately, other benda in
the spin-spin multiplet were pufficiently isolated to allow
a reasonable estimate of T, by wiggle decay measursment (although
some estimate could be made from band widths even in the abaence
of additional bands). t, is related to x and Tz by

ty = Blfwx)tan"('1/TXT22]'value between 1/2x and 1/x- ———(11)
In Fig. 1 t_ 1m plotted against 1/x for various values of Tp. Certain
facts emerge:
(1) Even if Ty is completely unknown, limits may be applied to
the band separation,
52 The maximum value of the meparation is twice the minimum,
3)} The smeller the band separation, the more precisely does
one need to know the transverse relaxation time.
A typical application of the method is to CH2Cl1.CFzBr, an AxXa
case’ 4 in which I, # Jip, and Jop 2 Ty Typr Type  With ‘max-

imum! audio filtering, both the 'H and '°F apectra appear as a

1:2:1 triplet but if the filtering capacitance la removed from the
sudio stage of the receiver ( a fifth position may be added to the
Frequency Response switch of the Varian V4300B 40 Me/s Spectrometer
corresponding to open circuit by moving the stop), the wiggle pattern
after the central band indicates a doublet nuture i?ig. 2). From

an estimation of T, from the outer bande (separated by 12 sec~' from
the central bands) and a measurement of Ly (the marksrs In the

lowser trace are at 1 second intervala), the doublet eplitting

{a function of Jypt JHF' and IFF) ig estimated as 0.4 sea-'.
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€. A, Reilly, J. Chem. Phys., 1956, 25, 604

The experimental work was performed In the Department of Inorgenic
and Physical Chemistry, The University, Liverpoel, 7.
McConnell, MecLean and Reilly, J. Chem, Phys,, 1955 115
Pople, Schneider and Bernstein, Can. J. Chem., 1955. 5: 1060
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'H spectrum of CH;C1,CF:Br
at 40 Mc/®

Fig. 2
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Solvent 1 Aaetone JAX 1 6.6 ops
Cono. 1 3 JA.B 1 21,3 ope
Temp. 1 34%¢ Tox 1t <2 cps
L.F.Thomas,

Department of Ghemistry,
University of Birmingham.
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Dre. A. A. Bothner-by and B, L. Shapiro
Mellon Institute

4400 Fifth Avenue

Pittsburgh, Pennaylvania

OAYIHPORT & 4000

Dear Aksel and Barry:

1 should like to start this letter out by congratulating you on the werk you
have been dolng in getting out the MELLONMR News Letter. This is really a
tremendous service to all NMR spectroscopists and I feel that you cannot be
commended highly enocugh for undertaking 1t,

I was a little surprised when I opened issue No. 10 and discoyered that not
only are journal refereces now served with a set of requirements for judging
the acceptability of WMB papers but are even provided with a "guide" in order
to make sure that they do not inject thelr own opinions. I feel rather te-
luctant to take issue with this apparently well-meant effort, but feel that I
pust point out the danger in taking away from referees the prerogative of
exerciasing their own judgment,

I think many of the peints which George Tlers has made are well taken, and
had these been presented under the heading “suggestions for journal referees"
I would haye been inclined to let the matter pass without comment. Howeyer,
to use an mnalogy, the presentation of a set of requirements for journal
reformes Lg rather 1ike a baseball player presenting the umpire with a set of
instructions on how to call the balla and strikes as he steps up to the plate.

The guide would be more pertiment Lf all NMR papers were concerned aolely
with the presentation of spectral data for catalog purposes. Howeyer, one
must not lose sight of the fact that the major purpose of many papers is to
solve a specific problem, and the presentation of supporting data is in a
sense a by-product. Quite often, the problem can be solved without exhaus-
tively obtaining all possible data, although the catalog value of the partisl
data is reduced or possibly even eliminated, Nevertheless, we cannot insist
that every chemlist measure all line positions with great precision and report
them in a certaln form if a single line frequency or a ehift in position of
some line would haye permitted a solution of the problem at hand.

With one or two pointa I simply cannot agree. I do agree that chemical
shifte should be reported in field independent units, but when these are de-
rived quantities rather than directly observed, the frequencies of the
multiplet lines from which they are derived should be giyen, After all, the
author mgy not have performed the calculation correctly. In most NMR spectra,

KLYSTRONS, TRAVELING WAVE TUBES, BACKWARD WAVE OSCILLATORS, LINEAR ACCELERATORS, MICROWAVE SYSTEM COMPONENTS,
R, F. SPECTROMETERS, MAGNETS, MAGNETOMETERS, STALOS, POWER AMPUFIERS, GRAPHIC RECORDERS, RESEARCH AND DEVELOPMENT SERVICES

Drs. A. A. Bothner-by and B. L. Shapiro -2- August 13, 1959

there are more lines than not which owe thelr position to a combination of
chemical shift and spin coupling perturbations ao that they cannot be des-
cribed in fleld independent uanits, I also do not agree with Lhe stetement
that we should alwaye omit figurea if data can be tabulated. Obviously, it
ie desirable to avold figures where possible for space reasons (as every
journal editer already suggests) but since no NMR spectrum ia ever inter-
preted with complete objectivity by its proud owner, there are many subtle
details which can escape detection 1f they are convenlently withheld from the
reader, If the old saying "one plcture is worth a thousand words" is true,

I even question whether we save much space by leaving sultably chogen flgures
out of the journals. In any case, lets leave it up to the referee to decide.

In order not to glve the impression that this letter is an entirely negative
one, I would like to present some recent findings in our laboratory concern-
ing the NMR spectrum of methyl acetylene. This molecule is an A3B system of
nuclel with a J/§ ratio of 1.33. Analysis of this nesly accldentally degen-
erate multiplet results in a best fit of experiment and theory for J = 2,9
To. cpe and § = 2,2 to.2 cps (0,037 ppm). We have, however, measured these
quantities more accurately from an malgsin of the spectra of all three of
the molecular species contalning one ¢13 nucleus in natural abundance, &
table of observed frequencies is included which will be submitted for publi-
cation along with a more detalled account of this work.

Signals A
Observed 1 (cps) Jm(cpa)b Jclgﬂ(cpa) Average
(underlined)
cL3Hy-cl2=c1% 172.9, 170.0 2.9 131.4  105.75%0.07
— 41,5, 38.6 2.9
cl%y-cB=cl%y 99,1, 102.0 2.9 10.6  105.85%0,07
109.7, 112.6 2.9

cl%y-ct=cl%n 129.9, 131,9, 134,8, 137.6 2.9 50.8  107,90%0.05
- 9

2
78.0, 81.0, 83,9, 86.% 2,

clZy-clcldy  227.3, 230.3, 233.2, 236.1

2,9 247,6  107.86%0.05
-20.5, -17.5, -14.5, -11.6 3.0

a) Individual line frequencles were each measured seyeral times and averaged.
The standard deyiation for these measurements 18 ID.1 cpa. The reference
compound was tetramethyl silane in a capillary tube.

b) Average of comsecutive line separations in second column,

The measurements of the table allow us to state that J = 2,93 10,05 cps and
d=2,110.1 cpa (0.035 ppm).
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In addition to the frequeneies reported in the table, we haye found eome very
weak lines, symmetrically located about the chemical ghift positions for the
two types of protons, which fall among the weak lines of the A3B pactern of
the isotopically normal molecule, and which are located on the absorption
wings of strong lineep seveyal cycles away and between one and two thousand
times as intense, For this reason we were prevented from observing all of
the lines of the multiplets and therefore attach lews certainty to the assign-
ments. If our assigpments asie correct, Jpliy for the methyl §roup én igu
apecies C12H3-c125C13H 1s 4.8 vps and Jpi3y in the species Cliug-cl2=cl2i 1s
4.5 ¢ps for the groton on the carbon atom ac the opposite end of the mole-
cule from the G13, Tt would seem that with this cowplete set of Jpliy
coupling conatants we ought to be able Lo see some relatlonships between them
which are related ta the elsplrenic structure of the malecule,

Congratulacions again on the terrifle job you are doing with MELLONMR.
Sincerely yours,

Qusnea 5/&{{1‘7

Juwes N, 8hoolery
Varian Associates

INS:mjr

IBM 'JO4 COMPUTATION OF NMR SPECTRA

A program for the IBM TO4 computer has been developed which accepts
as raw data: NUCLEI, the number of spin 1/2 nuclei (up to 7); W(1l) through
W(NUCLEL), the chemical shifts (ip cps); and A(1,2), A(1,3)...A(NUCLEI-1,
NUCLEL), the coupling constants; and produces a tabulation of the spectrum,
glving positious and intensities for all lines. The compiled pragram 1s
avallable in SAP language. Arrangements for temporary loan of a program
deck, which 1s easily duplicated, can be made.

The machine output is at present on magnetic tupe, The Lape is
transferred to an off-line printer, in order to comserve machine time. If
an off-line printer is not available a minor modification of the program
will allow direct read-out or the punching of output data cards.

Typical times required for the calculgtion of one spectrum are

5 nuclei ~ 0,001 hr.
4 nuclei ~ 0,004 hr.
6 nuclei ~ 0.1k br,

‘these times do not include the time required to read the program
into the machine.

A. A, Bothner-By, C. NHaar-Colin, €. P. Saalbach

A note on AXX' where I,. # T

In the interpretation of spectra of organic cowmpoundy, the sltuation
is often encountered that one protan is differently coupled to two other protons
which are themselves coupled, 1In the BSP representation, the case 1s AXz(or ABy)
where J,, # J,., and JXX' #£ 0. If the XX' coupling were in fact zero, one
would oﬁéerve or the A's and for the X's a doublet of doublets. It 1is
intultively attractive, if not readily logically demonatrated, that as the XX'
coupling Ls increased, the Xp part of the system will behave wore and ware
like a unlt, and the pattern will tend toward a 1-2-1 triplet for the A and
a 1-1 doublet for the X's. The gensitive parameter will be of the form
e =1 x,/(J - J,.). Some calculations performed on a sample case demonstrate
that tﬁu ¢hange over from one pattern to the other occurs surprisingly fasc.

The cases calculated were J,, = 12, J,0y =06, J,., =0, 3, 6, 12 or
#=0, 0.5, 1,0, 2.0, The chemical shift was taken as® 500 cyclea, The
results are plotted below,

Cavtlon 1s clearly {ndicated in drawing conclusions based on ap apparent
absence of diverse, (e.g. cis trans) spin-epin couplings in an observed spectrum.

A. A. Bothner-By
Mellon Institute
Pitteburgh 13, Pa.
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